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The s t ra igh t  line of t he  re la t ionship  be tween  3-MG and  
Na t r a n s p o r t  s ta r t s  close to  the  origin of the  coord ina tes  
(Figure 1). This  agrees wi th  the  wel l -known fact  t h a t  
3-MG is a non-metabo l i zed  sugar and  means  t h a t  its 
up take  cor responds  to  the  t r a n s p o r t e d  a m o u n t  across the  
in tes t ina l  wall. 

As far as the  in t racel lu lar  sugar concen t ra t ion  is con- 
cerned (Table), we can see t h a t  i t  is a lways  lower t h a n  
t h a t  of the  lumen  and  the  serum. 

If we assume t h a t  the  non-absorb ing  cells of the  in- 
t es t ina l  epi thel ia l  layer  are no t  the  mos t  p a r t  of the  
epi thel ia l  cells and  t h a t  the  intracel lular  concen t ra t ion  
in these  cells of non-metabo l i zab le  sugars  (3MG) is no t  
too m u c h  lower t h a n  the  blood concent ra t ion ,  a sugar  
concen t ra t ion  lower t h a n  t h a t  of the  serosal space also 
in the  absorb ing  cells, mus t  be admi t t ed .  

This  fact  seems to  d e m o n s t r a t e  t h a t  in the  in vivo 
e x p e r i m e n t  sugars en te r  the  cell downhi l l  and  t h a t  t h e y  
are p u m p e d  out  towards  the  subepi the l ia l  serosal space 
by  an act ive mechanism.  The appa ren t  absence of an 
in t racel lu lar  sugar accumula t ion  was pos tu la t ed  by  o ther  
au thors  2. Therefore,  Na  a s y m m e t r y  be tween  the  two sides 
of the  b rush  border  in vivo could be respons ib le  of an 
enhanced  en t rance  of sugars b u t  no t  of the i r  uphi l l  ac- 
cumula t ion .  

The drag  effect  of ne t  wa te r  f lux on sugars a t  the  level 
of the  serosa facing membrane ,  as suggested by  CRANE 4, 
can be p r e sumab ly  d is regarded because of the  low pas- 
sive pe rmeab i l i t y  of sugars 10. 

The lower in t racel tular  sugar concen t ra t ion  in in vivo 
expe r imen t  could be due to  t he  fact  t h a t  t he  sugar ex- 
t rus ion  into t he  serosal space is h igher  in th is  condi t ion  
t h a n  in the  in v i t ro  one. As a m a t t e r  of fac t  the  t rans -  
epi thel ia l  glucose t r a n s p o r t  in the  isolated in tes t ine  a t  t he  
o p t i m u m  t e m p e r a t u r e  of 28 ~ is only  a f rac t ion n of t h a t  
found in vivo. Also the  Na  p u m p  is no t iceab ly  lower n 
in v i t ro  in compar i son  wi th  t he  in vivo condi t ion.  

Riassunto. Nel l ' in tes t ino  tenue  di ratto in vivo 6 s ta to  
osservato  c h e l a  concent raz ione  intracel lulare  di  glucosio 
o di  3-O-metilglucosio, du ran te  l ' a s so rb imen to  di quest i  
zuccheri,  6 sempre  minore  che nel siero. Cib lascia presu- 
mere  che esista una  p o m p a  per  l ' es t rus ione  degli zuccheri  
a livello della m e m b r a n a  serosale delle cellule assorbent i  
intest inal i .  
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Heart  T i s sue  Catecho lamines  in the Grey R a t u s  n o r v e g i c u s  1 

Albino ra ts  s u b m i t t e d  to  long t e r m  exercise were 
repor ted  to  develop h e a r t  h y p e r t r o p h y  if the  exercise was 
repea ted  dai ly  2-5. No such h y p e r t r o p h y  could be de tec ted  
in t he  i n t e r m i t t e n t  phys ica l  t raining6,  v. The ' a th le t ic '  
an imals  were r epor ted  to  have  b r adyca rd i a  s, increased 
cardiac t issue ace ty lchol ine  con ten t  9, and  a decreased 
hea r t  t issue ca techo lamine  concen t r a t ionL  These ele- 
m e n t s  were ob ta ined  by  exercizing the  albino l abora to ry  
ra t s  in art if icial  condi t ions  such as runn ing  on a th read-  
mill,  in a ro t a t i ng  cage or by  swimming .  

To our knowledge,  no s tudies  have  been  per fo rmed  
deal ing wi th  the  hea r t  s y m p a t h e t i c  n e u r o t r a n s m i t t e r  
con ten t  of the  wild grey Ratus norvegicus. I t  was felt  to be 
in te res t ing  to examine  the  effects  of exercise and  ac t iv i ty  
resul t ing f rom a no rma l  psychological  m o t i v a t i o n  such as 
would  occur in the  wild grey rats,  and to  compare  these  
results  w i th  the  same species of animals  l iving in confined 
condi t ions .  

Materials and methods. Wild  young male  and  female 
grey Ratus norvegicus weighing ap p ro x i ma t e l y  50 g were 
caught  in t raps .  They  were housed  in l abora to ry  cages, 
fed wi th  s t an d a rd  food and  received wa te r  ad l ib i tum.  
They  l ived in colonies and  were s u b m i t t e d  to 10 h of l ight  
and 14 h of darkness  a day. All sensory  and  emot iona l  
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Table I. Values of body weight, heart weight, and heart: body weight 
ratio in wild and lab Ratus norvegicus 

Wild Lab F ratio 

No. of animals 15 17 

Body weight (g) 276 :~ 22 292 q- 21 0.28 

Heart weight (mg) 988 ~ 158 914 -4- 58 0.56 
Heart: body weight 
ratio • 100 3.498 3.260 4.47 

Table II. Heart weight, tissue cateeholamines and proteins in wild 
and lab Ratus norvegicus 

Wild Lab F ratio 

No. of animals 10 16 
Catecholamines ([zg/g) 0.498 • 0.031 0.709 ~ 0.039 14.55 
Total heart 
cateeholamines ([zg) 0.452 ~= 0.033 0.639 -4- 0.044 9.02 
Heart proteins (rag/g) 73 • 0.02 72 -4- 0.01 0.002 
Heart weight (mg) 911 -t- 77 914 ~_ 57 0.0009 

Values are means ~ S.E.M Values are means ~ S.E.M, 
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s tresses  to  t he  an ima l s  were avo ided  as m u c h  as possible.  
Af te r  a p a t i e n t  a d a p t a t i o n  per iod  W e o b t a i n e d  p a r t u r i a n t  
females.  The  offspr ing were rea red  p a r t l y  b y  t he  grey rats ,  
o thers  b y  the  wis t a r  a lb ino  rats .  T he  young  males  b e c a m e  
the  e x p e r i m e n t a l  an imals .  T h e y  were t r e a t e d  in t he  same  
m a n n e r  as t he  a lb ino  ra t s ,  l ived  in sma l l  sex-segregated  
colonies and  lost  a l m o s t  all  fear  of h u m a n  presence.  
Never the less ,  t h e i r  bas ic  charac te r i s t i c s  as to  t he i r  
exc i t ab i l i t y  a n d  savageness  st i l l  r emained .  W h e n  t he  
we igh t  c o n v e n i e n t  for t h e  e x p e r i m e n t s  was  reached,  t he  
an ima l s  were t a k e n  b y  t he  ta i l  w h e n  quiet ,  sacr i f iced b y  a 
knock  on  t h e  head  a n d  i m m e d i a t e l y  decap i t a t ed .  W e  
shal l  refer  to  th i s  f i rs t  g roup  of e x p e r i m e n t a l  an ima l s  as 
lab  grey R a t u s  norvegicus .  W e  c o m p a r e d  th i s  f i rs t  g roup  
to  a series of 14 a lb ino  wis t a r  r a t s  sacr i f iced in t he  same 
manne r .  

A second group o f , an ima l s  cons is ted  of wild  male  grey 
R a t u s  norvegicus .  As soon as c a u g h t  i n t a c t  in  t he  t raps ,  
t h e y  were ki l led b y  a knock  on t he  h e a d  fol lowed i n s t a n t l y  
b y  decap i t a t ion .  H e a r t  t i ssue  samples  were t r e a t e d  and  
assayed  for c a t echo l amines  a n d  p ro te ines  as descr ibed 
e lsewhere  7,10, tl. S ta t i s t i ca l  ana lys i s  was  pe r fo rmed  
accord ing  to SNEDECOR 1~. Differences  were cons idered  
s t a t i s t i ca l ly  s ign i f ican t  for a -P va lue  < 0.05. 

Resul t s .  The  va lues  dep ic ted  in Tab le  I were o b t a i n e d  
f rom 15 wild a n d  17 ma le  lab  grey rats .  The  m e a n  b o d y  
we igh t  and  m e a n  h e a r t  we igh t  of b o t h  groups  were 
ident ica l .  However ,  t he  m e a n  h e a r t  of b o d y  we igh t  r a t io  
dif fered s ign i f ican t ly  (F  = 4.47). The  cor re la t ion  coeffi- 
c ien t  of t he  h e a r t  to  b o d y  we igh t  r e l a t ionsh ip  was 0.996 
for  t he  lab  r a t s  a n d  0.913 for t he  wild ones. A cova r i ance  
analys is  (Figure) i nd ica t ed  t h a t  t he  h e a r t  weights  were 
s ign i f i can t ly  d i f fe ren t  be t w een  t he  groups,  no t  b y  slope 
(F  = 3.76) b u t  b y  e l eva t ion  (F  = 10.87). 

I n  t he  14 a lb ino  r a t s  t h e  h e a r t  c a t e c h o l a m i n e  c o n t e n t  
a m o u n t e d  to  0.772 -4- 0.036 Fg/g a n d  0.597 =E 0.038 [~g/ 
t o t a l  organ.  Accord ing  to t he  va lues  in  T a b l e  I I ,  we m a y  
consider  t h a t  t h e  grey  lab r a t s  ra ised  in the  same  condi-  
t ions  as t he  c o m m o n  a lb ino  l a b o r a t o r y  r a t  has  a n  iden t ica l  
c a t e c h o l a m i n e  c o n t e n t  (F  = 1.4). However ,  as seen in 
Tab le  I I ,  t h e  h e a r t  c a t echo l amine  c o n t e n t  (~zg/g) of t he  
wild r a t s  was reduced  b y  30% w h e n  c o m p a r e d  to t he  
grey lab rats .  As ind ica ted ,  t he  t o t a l  h e a r t  p ro t e in s  of 
b o t h  groups  were ident ical .  
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0,  represents wild grey Ratus norvegicus, y -- 60.28 + 3.22 x (a = 
90.7). 
O, represents lab grey Ratus norvegicus, y = 57.68 + 2.52 x (a = 
74.4). 
A, represents totals, y = 61.46 + 2.81 x (G = 99.4). 

No cor re la t ion  could be de tec ted  b e t w e e n  t h e  h e a r t  to  
b o d y  we igh t  r a t io  a n d  t he  c a t e c h o l a m i n e  c o n t e n t  ([xg/g) 
for t h e  lab  grey r a t s  (r = 0.02) a n d  t he  wild an ima l s  
(r = --0.17).  

D i s c u s s i o n .  Years  ago, CLARK 13 drew a para l le l  be tween  
t he  h e a r t  we igh t  of t h e  hare,  cons idered  as a n a t u r a l l y  
exercized an imal ,  a n d  t h e  d o m e s t i c a t e d  r a b b i t  l iv ing  in 
conf ined  condi t ions .  T h o u g h  these  an ima l s  differ  genet ic-  
ally,  t h i s  s t u d y  i nd i ca t ed  the  re la t ive  h e a r t  h y p e r t r o p h y  
in t he  phys i ca l ly  t r a i n e d  species. Most  of t he  l a b o r a t o r y  
e x p e r i m e n t s  dea l ing  w i t h  th i s  sub jec t  h a v e  concerned  
d o m e s t i c a t e d  animals ,  m a i n l y  a lb ino  a n d  hooded  rats .  As 
p rev ious ly  men t ioned ,  these  e x p e r i m e n t s  are a r t i f ic ia l ly  
created.  

I t  is v e r y  l ikely t h a t  t he  wi ld  grey ra t s  l iv ing  in n a t u r e  
h a v e  a life occas ioning  more  v igorous  exercise t h a n  t he  
ones b o r n  and  rea red  in conf inned  cages. S t ruggle  for 
d o m i n a n c e  ins ide  t he  group,  f i gh t ing  for t e r r i t o r i a l  
s u p r e m a c y  and  sa t i fy ing  needs  for food, are c e r t a i n l y  
m o t i v a t i o n s  resu l t ing  in ac t iv i t i es  - ass imi lab le  to  excercise 
- wh ich  do no t  ex is t  to  t he  same  e x t e n t  in  t h e  l a b o r a t o r y  
ra ised  grey ra t s  14. I n  our  expe r imen t s ,  t h o u g h  t he  h e a r t  
a n d  t he  b o d y  we igh t  of t he  2 groups  of an ima l s  were 
a p p r o x i m a t e l y  t he  same,  t he  h e a r t  w e i g h t / b o d y  we igh t  
r a t io  was s t a t i s t i ca l ly  d i f ferent .  I n  order  to  e l im ina t e  
e v e n t u a l  b o d y  we igh t  v a r i a t i o n s  wh ich  m i g h t  i n v a l i d a t e  
th i s  r a t io  15,1~, we pe r fo rmed  a cova r i ance  ana lys i s  
i n d i c a t i n g  t h a t  t he  h e a r t s  of t he  wild r a t s  c o m p a r e d  to 
t he i r  b o d y  we igh t  were heav i e r  t h a n  t h e  ones of t he  lab  
rats .  As  seen in Tab le  I I ,  t h e  h e a r t  c a t e c h o l a m i n e  c o n t e n t  
of t he  wild r a t s  were s ign i f i can t ly  lower w h e n  c o m p a r e d  
to  t he  card iac  c a t e c h o l a m i n e  c o n t e n t  of t h e  lab  rats .  
Since no  cor re la t ion  could be  found  be tween  t he  h e a r t  to  
b o d y  we igh t  ra t io  and  t he  c a t e c h o l a m i n e  concen t r a t i on ,  
t he  s ign i f ican t -card iac  h y p e r t r o p h y  de tec ted  b y  th i s  r a t io  
and  conf i rmed  b y  cova r i ance  ana lys i s  is p r o b a b l y  v e r y  
s l ight  and  c a n n o t  exp la in  t he  r educ t i on  of t he  ca techol -  
amines  as a d i lu t ion  of t he  n e u r o t r a n s m i t t e r .  The  t o t a l  
h e a r t  p ro t e in s  of b o t h  g roups  were ident ica l ,  so t h a t  we 
m a y  cons ider  t h a t  card iac  e d e m a  is no t  t h e  cause  of t he  
r educed  c a t e c h o l a m i n e  levels. Th i s  d a t a  conf i rm prev ious  
s tud ies  pe r fo rmed  b y  us on  a lb ino  r a t s  phys i ca l ly  t r a i n e d  
in  a r o t a t i n g  drum~.  The  card iac  c a t e c h o l a m i n e  c o n t e n t  
accused a b o u t  t he  same  r e d u c t i o n  of 30% f rom the  
cont ro l s  in  our  ch ron ica l ly  exercized a lb ino  rats .  I t  is 
t e m p t i n g  to  suggest  t h a t  t he  ac t iv i ty ,  w h e t h e r  s p o n t a n -  
eously  occur ing  in na• or c rea ted  ar t i f ic ia l ly  in  a 
l a b o r a t o r y  as phys ica l  exercise, would  p roduce  t he  same  
effect  on  t he  s y m p a t h e t i c  t r a n s m i t t e r  c o n t e n t  of t he  
m y o c a r d i a l  t issue.  
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Rdsumd. Le t a u x  des c a t6cho l amines  du  m y o c a r d e  a 6t6 
dos6 chez l e  r a t  s auvage  v i v a n t  dans  la n a t u r e  et  chez le 
r a t  de la m 6 m e  esp~ce v i v a n t  dans  des cond i t ions  de 
c o n f i n e m e n t  en  labora to i re .  Chez l ' a n i m a l  61ev6 en  labo-  

17 The authors wish to thank Mr. F. VIGNERON for providiffg them 
with wild rats and raising the grey lab Ratus norvegicus. 

r a to i r e  Ie t a u x  des c a % c h o l a m i n e s  es t  s i g n i f i c a t i v e m e n t  
plus  61ev6 que chez son homologue  v i v a n t  dans  la na tu re .  
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Thermoregulatory Pheromones in Wasps 

W a s p s  and  h o r n e t s  ( fami ly  Vespinae)  are widespread  
t h r o u g h o u t  t h e  N o r t h e r n  Hemisphe re .  The  more  f ami l i a r  
social species be long  to  t he  s u b f a m i l y  Vesp inae l ,  s. 
T h e r m a l  m e a s u r e m e n t s  t a k e n  w i t h i n  t he  nes t s  of va r ious  
species h a v e  shown  t h a t  t h e  t e m p e r a t u r e  is m a i n t a i n e d  a t  
qu i t e  a c o n s t a n t  level  a-6. Th i s  work  ha s  been  done  to  
u n d e r s t a n d  h o w  t h e  t e m p e r a t u r e  r egu la t i on  is m a i n t a i n e d .  

Material. T e m p e r a t u r e  and  t h e r m o r e g u l a t i o n  were 
s tud ied  us ing  groups  of adu l t s  or single p u p a e  and  l a rvae  
of t he  fol lowing species:  Vespa orientalis (VO), V. crabro 
(VC), Paravespula germanica (PG), P. vulgaris (PV), 
Dolichovespula saxonica (DS), and  D. media (DM). 

Methods. Groups  of 50-200 wasps  or h o r n e t s  were k e p t  
a t  r oom t e m p e r a t u r e  (18-25~ w i t h  a n d  w i t h o u t  b rood  
combs  w i t h i n  boxes  h a v i n g  glass cover t s  to  enab le  

Fig. 1. Workers of Vespa crabro on the comb in the usual position 
when warming pupae. Photo: Mr. U. EIDA~L 

obse rva t ion .  T e m p e r a t u r e  of wasp  c lus ters  or s ingle p u p a e  
or l a rvae  was m e a s u r e d  w i t h  a p l a t i n u m  t h e r m o e i e m e n t  
(5 m m  • 3 ram,  Degussa,  H a n a u )  a n d  recorded  w i t h  a 
P u n k t s c h r e i b e r  ( H a r t m a n n  a n d  Braun) .  O b s e r v a t i o n s  
were m a d e  on  t h e  b e h a v i o u r  of wasps  in c lus ters  as well  
as t o w a r d  b rood  combs,  p u p a e  an d  l a rvae  wh ich  were 
r e m o v e d  f rom t h e  combs .  V a r i o u s  s tages  of wasps  a n d  
severa l  o the r  species of insects,  social an d  non-social  were 
e x t r a c t e d  e i the r  in  t a p  water ,  ace tone  a e t h e r  or 70% 
e thy l  alcohol.  S t r ips  of f i l te r  p a p e r  i m p r e g n a t e d  w i t h  t h e  
above  ex t rac t s ,  freeze dr ied as well  as w ax  or p las t i c  
repl icas  of p u p a e  h a v e  been  e x a m i n e d  for t h e i r  t h e r m o -  
r egu la to ry  t r igger ing  effect  on wasps.  P u p a e  were incub-  
a t ed  in t h e r m o s t a t  a t  20 ~ a n d  32 ~ (6 0 -7 0 %  h u m i d i t y )  
in order  to  s t u d y  t h e  inf luence  of t h e  t e m p e r a t u r e  on 
t h e i r  m a t u r a t i o n .  

Results. Groups  of wasps,  PG,  PV,  D S a n d  DM, t e n d  to  
congrega te  in t igh t ,  m u l t i l a y e r e d  culs ters  in  t h e  lower 
corner  of t h e  box.  Once t h e y  fo rm a cluster,  t h e  wasps  
s t a r t  r ap id  a b d o n i m a l  p u m p i n g  m o v e m e n t s  b y  a l t e r n a t -  
ive ly  r e t r a c t i n g  an d  e x t e n d i n g  t h e  a b d o m i n a l  s egmen t s  
a t  a r a t e  of up  to  180 m o v e m e n t s  pe r  minu te .  Horne t s ,  
VO an d  VC fo rm a s ingle- layered  c lus ter  in  t h e  u p p e r m o s t  
p a r t  of t h e  box  an d  j u s t  l ike t h e  wasps,  e x h i b i t  c o n s t a n t  
a b d o m i n a l  p u m p i n g  m o v e m e n t s .  The  t e m p e r a t u r e  r ead ing  
a m i d s t  t h e  wasps  was usua l ly  29-35~  as c o m p a r e d  to  
23-25 ~ measu red  w i t h i n  the  box.  

W a s p s  or  h o r n e t s  which  were offered a c o m b  be long ing  
to t h e i r  own species an d  c o n t a i n i n g  b rood  (i.e. eggs, l a rvae  
an d  pupae)  in  t h e  n o r m a l  pos i t ion  (cell open ing  down-  
wards) ,  r a p i d l y  occupy  t h e  comb,  some of t h e  workers  
en te r  v a c a n t  cells adj s c e n t  to  a pupa ,  p lace  t he i r  a b d o m e n  
aga ins t  t h e  cocoon a n d  c o m m e n c e  t h e  a b d o m i n a l  p u m p -  
ing m o v e m e n t s  (Figure 1). W i t h i n  5-7 ra in  t h e y  raise  t h e  
t e m p e r a t u r e  of t h e  p u p a  to  30-32~ as c o m p a r e d  to  
20-22 ~ ou t s ide  t h e  comb.  I n  no in s t ance  were workers  
obse rved  to w a r m  t h e  l a rvae  or t h e  eggs. T e m p e r a t u r e  
r ead ings  on  u n w a r m e d  i n d i v i d u a l  pupae ,  i n t a c t  w i t h i n  
t h e i r  cocoon, do n o t  differ  f rom t h a t  of t h e  i m m e d i a t e  
e n v i r o n m e n t .  I n  con t ras t ,  t h e  t e m p e r a t u r e  of u n w a r m e d  
i n d i v i d u a l  l a rvae  s l igh t ly  exceeds (by 2-3 ~ t h e  env i ron-  
m e n t a l  t e m p e r a t u r e  (Figure  2). W h e n  p u p a e  are  r e m o v e d  
f rom t h e i r  cocoons t h r o u g h  t h e  u p p e r  surface of t h e  c o m b  
(so as n o t  to  d a m a g e  t h e  si lk dome),  t h e  workers  will cease 
w a r m i n g  t h e  e m p t y  cocoons. I f  a p u p a  is r e m o v e d  f rom 
its cocoon a n d  p laced  in t h e  m i d s t  of a g roup  of wasps  
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